INTRODUCTION
6 to the main shoot apex (V1 in Fig. 1A ). In contrast, the axillary branches located right below the 161 inflorescence arise from buds initiated during vernalization and remain vegetative afterward (V3 in 162 Fig. 1A ; Wang et al., 2009; Park et al., 2017) . To test the effect of the vernalization duration on 163 flowering and bud fate (inflorescence and axillary) we subjected plants to different vernalization 164 periods. Plants were grown for eight weeks in long-day greenhouse conditions and vernalized for 8, 165
12, 15, 18, 21 or 24 weeks. Treatments were synchronized so that all plants returned to greenhouse 166 conditions on the same day. A longer vernalization period accelerated flowering after the return to 167 warm temperatures (Fig. 1, B and D) . Plants vernalized for 24 weeks flowered within two weeks after 168 being transferred to the greenhouse, whereas plants vernalized for eight weeks required an 169 additional three weeks in long days to flower. Similarly, plants exposed to longer vernalization 170 periods bolted earlier than plants vernalized for shorter periods (Fig. 1, C and D) . The length of the 171 inflorescence was also influenced by the duration of vernalization, with prolonged vernalization 172 resulting in longer inflorescence stems (Fig. 1C) . These results suggest that extended vernalization 173 accelerates bolting and flowering after the return to warm temperatures and that the duration of 174 vernalization determines the final length of the inflorescence. 175
Plants vernalized for 12 weeks or longer produced an inflorescence showing the typical I1 and I2 176 zonation described in A. thaliana. Interestingly, I1 inflorescence branches either flowered or stayed 177 vegetative (Fig. 1D ). The total number of inflorescence branches in the I1 zone varied according to 178 the duration of vernalization (Supplemental Fig. S1 ). In addition, the ratio between flowering and 179 vegetative I1 inflorescence branches depended on the duration of vernalization (Fig. 1E ). Extended 180 vernalization resulted in an increased frequency of I1 branches that produced flowers and, therefore, 181 a reduction in the number of I1 inflorescence branches that remained vegetative (Fig. 1E) . 182
Nevertheless, the commitment of I1 inflorescence branches to flowering showed a similar pattern of 183 growth as in A. thaliana (Hempel and Feldman, 1994) . Inflorescence branches committed basipetally 184 to floral identity according to the duration of vernalization ( Fig. 2A and Supplemental Fig. S2 ). 185
Similarly, the length of the I1 branches increased with vernalization duration and showed a basipetal 186 pattern of growth with higher branches being longer than lower branches (Fig. 2B ). In plants 187
vernalized for eight weeks, inflorescences were abnormal and occasionally single flowers reverted to 188 inflorescence branches (Supplemental Fig. S3 ; Wang et al., 2009) . Inflorescences remained vegetative 189 even after plants were grown under long days (LDs) for five months, and showed delayed senescence 190 (Supplemental Fig. S3 ). A prominent feature of short vernalization periods was the presence of bracts 191 in the axils of solitary flowers in the I2 zone, which is also a phenotype associated with floral 192 reversion (Müller-Xing et al., 2014) . Plants vernalized for 21 weeks or longer did not develop bracts, 193 suggesting that prolonged vernalization reduced the vegetativeness of the inflorescence (Fig. 1F) . 194 7 vernalization period. In general, plants vernalized for less than 15 weeks produced a reduced number 196 of siliques compared to plants exposed to longer vernalization (Supplemental Fig. S4 ). Overall, our 197 results suggest that at least 15 weeks of vernalization are required for inflorescences to reach their 198 reproductive potential. 199
In contrast to what was observed in the main stem, the duration of vernalization had a minor 200 influence on the fate of the axillary branches initiated during vernalization. In some plants, only after 201 24 weeks of vernalization did the V3 upper branch commit to reproductive development ( Fig. 2A and  202 Supplemental The floral reverting phenotypes observed after short vernalization indicated that floral commitment 209
had not been achieved during cold treatment. We measured the expression of SOC1, FUL, LFY, AP1, 210 and TFL1 orthologues in apices of three-and six-week-old plants after different vernalization periods. 211
Three-week-old plants of the A. alpina accession Pajares are not competent to flower in response to 212 cold and remain vegetative during and after vernalization, whereas six-week-old plants initiate 213 flowering during vernalization (Wang et al., 2011; Bergonzi et al., 2013; Park et al., 2017) . Apices of 214 three-week-old plants are composed of the vegetative shoot apical meristem and leaf primordia. 215
Apices of six-week-old plants are composed of I1, I2, and V3 initials as well as leaf primordia. AaSOC1 216 mRNA levels increased similarly in all apices regardless of whether they were reproductive or not at 217 the end of the vernalization treatment ( Fig. 3A ; Wang et al., 2011). In contrast, AaFUL, AaLFY, AaAP1, 218 and AaTFL1 were differentially expressed between flowering and vegetative apices. AaFUL, AaLFY, 219 and AaAP1 showed higher expression in flowering apices after prolonged vernalization, whereas 220
AaTFL1 mRNA levels were gradually reduced specifically in flowering apices (Fig. 3, C 
, E, G and I). 221
Interestingly, AaAP1 expression was barely detectable after eight weeks of cold treatment, 222 suggesting that floral commitment was not achieved. 223
In V3 axillary branches the expression of AaSOC1, AaFUL, AaLFY, and AaAP1 was very low, while 224
AaTFL1 expression was high after all cold treatment periods (Fig. 3, B (Shindo et al., 2006; Finnegan and Dennis, 2007; Angel et al., 2011; Li et al., 2014; Duncan et al., 233 2015) . To check whether the effect of extended vernalization on flowering may be related to the 234 stable silencing of PEP1, we measured PEP1 mRNA levels in apices of plants exposed to 18 weeks of 235 cold. In the main shoot apex, PEP1 expression was downregulated during vernalization and remained 236 low after plants returned to warm temperatures (Fig. 4A ). This result is in contrast to previous 237 studies, in which A. alpina plants vernalized for 12 weeks showed a reactivation of PEP1 mRNA in the 238 main shoot apex after the return to warm temperatures (Wang et al., 2009; Castaings et al., 2014; 239 Kiefer et al., 2017) . 240
To determine whether differences in growth conditions may explain this discrepancy, we compared 241 PEP1 mRNA levels after short (eight weeks) and extended (18 and 24 weeks) vernalization. As 242 expected, eight weeks of chilling temperatures were sufficient to ensure full repression of PEP1, such 243 that at the end of all vernalization treatments tested, PEP1 mRNA levels in the main shoot apex were 244 low ( Fig. 4A and B ; Wang et al., 2009 ). In agreement with our previous observations, the duration of 245 the vernalization affected the silencing of PEP1 (Fig. 4A and B) . Vernalization treatments of 18 and 24 246 weeks achieved stable silencing of PEP1, whereas after eight weeks of vernalization PEP1 mRNA 247 levels increased ten-fold in the shoot apex ( Fig. 4A and B) . These data are in agreement with previous 248
results showing the influence of vernalization length on the expression of FLC in A. thaliana and FLC 249 orthologues in other Brassicaceae species (Shindo et al., 2006; D'Aloia et al., 2008; Irwin et al., 2016) . 250
However, in A. alpina the upregulation of PEP1 after eight weeks of vernalization correlated with the 251 appearance of a vegetative-like inflorescence, suggesting that differential PEP1 silencing after 252 different vernalization periods might contribute to floral reversion (Supplemental Fig. S3 ). 253
To check whether extended vernalization also silences PEP1 in the axillary branches that continue 254 vegetative growth (V3 in Fig.1A ), we measured PEP1 mRNA levels in the apices of the V3 branches 255 after vernalization. All plants showed high levels of PEP1 transcript five weeks after they were 256 returned to warm temperatures, indicating that the duration of vernalization did not affect PEP1 257 mRNA levels in V3 axillary branches ( Fig. 4A and C) . These results suggest that the role of PEP1 in 258 maintaining vegetative development after flowering is not affected by the length of vernalization, 259 although 24 weeks of vernalization seem to slightly reduce the percentage of V3 branches that 260 remain vegetative ( Fig. 2B and Supplemental Fig. S2 ). The differential silencing of PEP1 in the main 261
shoot apex compared to axillary branches might be due to their identity (flowering or vegetative) at 262 the end of vernalization. To check this hypothesis, we measured PEP1 mRNA levels in main shoot 263 apices of three-week-old seedlings after different cold treatment periods. PEP1 expression was 264 9 reactivated after vernalization in the shoot apical meristem of three-week-old plants regardless of 265 the duration of the cold treatment (Fig. 4D) . These results suggest that PEP1 silencing after 266 vernalization is regulated differently in meristems that either achieved floral identity or remained 267 vegetative at the end of vernalization. 268
Previous studies in A. thaliana suggested that FT, which is a target of FLC, is involved in memory of 269 floral commitment (Melzer et al., 2008; Liu et al., 2014; Müller-Xing et al., 2014) . Therefore, we 270 compared the expression of the A. alpina FT homolog, AaFT1 (Adrian et al., 2010) , in shoot apices 271 after different periods of vernalization. At the end of vernalization, AaFT1 expression was low in all 272 treatments tested (Fig. 5A) . When plants were transferred to long days, AaFT1 mRNA was detectable 273 after different cold treatments in flowering plants, but not in apices of three-week-old vernalized 274 plants or V3 branches (Fig. 5) . These results suggest that AaFT1 is upregulated specifically in the 275 apices of flowering plants after vernalization and follows an opposite expression pattern to PEP1. 276 277 PEP1 antagonizes the commitment of the inflorescence to reproductive development after 278 vernalization 279
The fact that floral reversion phenotypes after short vernalization correlated with the reactivation of 280 PEP1 mRNA in the shoot apex hinted that PEP1 might regulate the fate of the inflorescence after 281 vernalization. We further explored this by scoring flowering and inflorescence traits in the pep1-1 282 mutant after different cold treatment periods. To ensure that pep1-1 plants were not induced to 283 flower before prolonged exposure to cold, we vernalized younger plants that were still competent to 284 flower. Five-week-old Pajares and pep1-1 mutant plants were subjected to different vernalization 285 periods (8, 12, 15, 18, or 21 weeks) . Vernalization treatments were synchronized so that all plants 286 returned to greenhouse conditions on the same day. pep1-1 plants flowered earlier than the wild-287 type irrespective of the length of vernalization but responded to different cold treatment periods 288 ( Fig. 6A and Supplemental Fig. S5 ). Moreover, the inflorescence stem was shorter in pep1-1 than in 289 wild-type plants, except in those subjected to eight weeks of vernalization (Supplemental Fig. S5) . 290
Taken together, these data show that PEP1 represses flowering and inflorescence outgrowth in A. 291
alpina. 292
Interestingly, floral reversion phenotypes were greatly reduced in pep1-1, especially after eight 293 weeks of vernalization, while wild-type plants showed more enhanced floral reversion (Fig. 6, B and 294 C). The number of bracts subtending solitary flowers in the I2 zone was reduced in pep1-1 compared 295 to the wild-type for almost all vernalization lengths applied (Fig. 6B) . However, the number of siliques 296 in the I2 zone was similar between Pajares and pep1-1 suggesting that PEP1 does not influence the 297 reproductive potential of the inflorescence in the I2 (Fig. 6E) . The most significant phenotype in 298 pep1-1 compared to the wild-type was observed in the I1 zone. None of the inflorescence branches 299 in pep1-1 remained vegetative regardless of the duration of vernalization (Fig. 6C ). In addition, the 300 number of siliques in these inflorescence branches was very similar for all vernalization durations, 301 suggesting that PEP1 influences the silique number in the I1 zone (Fig. 6D) PEP1 plays a role in defining the reproductive potential of I1 zone; therefore, we tested whether this 306 is correlated with differential expression of PEP1 among I1 branches. We compared PEP1 expression 307 levels in I1 branches in wild-type plants vernalized for 12 weeks, in which the lower branches in the 308 inflorescence maintained vegetative development while the higher branches flowered ( Fig. 2A and  309 Supplemental Fig. S6A ). As expected, PEP1 mRNA levels were high in vegetative branches compared 310 to flowering I1 branches (Supplemental Fig. S6B ). Similar to PEP1, AaTFL1 mRNA levels were high in 311 vegetative branches compared to flowering I1 branches (Supplemental Fig. S6D ). AaFUL and AaAP1 312 showed the opposite pattern, being less expressed in the vegetative branches compared to flowering 313 branches (Supplemental Fig. S6 , C, and E). These results indicate that PEP1, AaTFL1, AaFUL, and 314
AaAP1 expression correlates with inflorescence branch fate in the I1 zone. Overall, our data suggest 315 that PEP1 antagonizes the commitment of the inflorescence to reproductive development after 316 vernalization specifically by influencing the fate of the I1 branches. 317
318

DISCUSSION 319
Extended vernalization ensures floral commitment by stably silencing PEP1 320
Understanding the role of winter chilling temperatures in flowering is important for most species, 321 regardless of whether they follow an annual, biennial or perennial life strategy. However, low 322 temperatures can regulate different processes depending on the plant's life strategy. In winter 323 annual and biennial species, cold winters are required to initiate flowering in the spring. Perennial 324 species in temperate or alpine environments initiate flower buds several months or years before 325 flowering; thus, cold winters are important to enhance bud break and achieve uniform flower 326 emergence in the spring (Atkinson et al., 2013) . 327
The quantitative effect of vernalization on flowering has been reported in several Brassicaceae 328 species such as Sinapis alba and A. thaliana accessions from northern latitudes, in which extended 329 cold exposure is required to accelerate flowering (Shindo et al., 2006; D'Aloia et al., 2008; Li et al., 330 2014; Duncan et al., 2015) . In this study, we investigated whether the duration of vernalization has 331 an effect on flowering in the alpine perennial species A. alpina. Similar to A. thaliana, longer 332 vernalization gradually accelerates flowering in Pajares plants (Fig. 1) . The length of vernalization 333 determines whether PEP1 is successfully silenced after the return to warm temperatures, an effect 334 also described for FLC in A. thaliana (Fig 7; Shindo et al., 2006) . Thus, A. alpina Pajares plants 335 accelerate flowering in response to vernalization in a similar way to northern A. thaliana accessions. 336
In both species, after insufficient vernalization, FLC and PEP1 are not stably silenced, and flowering is 337 delayed ( Fig. 7 ; Shindo et al., 2006; Duncan et al., 2015) . pep1-1 mutant plants still respond to 338 different cold treatment periods, suggesting that additional genes might regulate flowering in 339 response to vernalization (Fig. 6) . FLC-independent mechanisms in the vernalization pathway have 340 also been reported in A. thaliana as flc null mutants also respond to vernalization (Michaels and 341 Amasino, 2001; Schönrock et al., 2006) . The orthologue of TERMINAL FLOWER 1 (AaTFL1) in A. alpina 342 was also previously shown to regulate the duration of vernalization required for flowering (Wang et 343 al., 2011) . TFL1 regulates flowering time and inflorescence architecture in A. thaliana, as tfl1 mutants 344 flower early and develop inflorescences which terminate prematurely after producing a few flower 345 buds (Ratcliffe et al., 1998) . Silencing of AaTFL1 in A. alpina does not abolish the vernalization 346 requirement to flower but allows the plants to respond to shorter cold treatment periods, such that 347 they flower if exposed to only five weeks of vernalization (Wang et al., 2011) . These data suggest that 348 genes regulating the duration of vernalization required for flowering also play a role in inflorescence 349
In this study, we show that the duration of vernalization determines inflorescence fate by regulating 351 PEP1 stable silencing ( and not after cold as described in A. thaliana (Wang et al., 2009; Wang et al., 2011) . During 355 vernalization, new axillary buds are also initiated in the axils of the leaves below the inflorescence 356 meristem. Branches that arise from these axillary buds (V3 in Fig. 1A ) maintain vegetative growth the 357 following season and, therefore, sustain the perennial growth habit of A. alpina. We have previously 358
shown that PEP1 represses flowering in these V3 axillary branches (Wang et al., 2009) . Here, we 359 tested the effect of the duration of vernalization on PEP1 expression in the apices of V3 branches. 360
Extended vernalization has a marginal effect on the fate of V3 branches, which show high PEP1 361 mRNA levels irrespective of the duration of vernalization (Fig. 7) . These results suggest that the 362 length of vernalization affects PEP1 silencing specifically in the main shoot apical meristem, but not 363 in the axillary branches that arise from buds initiated during the cold treatment. In V3 branches, it is 364 likely that the high expression of miR156, a microRNA that promotes juvenility and represses 365 flowering, ensures that these shoots remain vegetative (Park et al., 2017) . The downregulation of 366 miR156 accumulation is slowed down by vernalization but after extended vernalization miR156 levels 367 are reduced (Bergonzi et al., 2013) , which may result in the marginal commitment of V3 branches. 368
The duration of vernalization also increases the reproductive potential of the inflorescence, since 369 inflorescence branches commit basipetally to flowering. After insufficient vernalization, the lower 370 inflorescence branches remain vegetative. 371 372
Extended vernalization ensures floral commitment during cold treatment 373
Flower bud preformation is common among alpine species, as it facilitates acceleration of anthesis 374 and successful seed set in arctic-alpine environments. We demonstrate here that flower initiation 375 during vernalization is associated with the upregulation of AaSOC1, AaFUL, AaLFY, and AaAP1 and 376 the downregulation of AaTFL1 in the shoot apex (Fig. 7) . Among these genes, AP1 is considered a 377 marker of floral commitment in A. thaliana (Mandel and Yanofsky, 1995; Hempel et al., 1997; 378 Liljegren et al., 1999; Wagner et al., 1999) . Thus, the upregulation of AaAP1 in the shoot apical 379 meristem probably indicates an increase in the number of floral meristems formed in Pajares during 380 vernalization. The extreme floral reversion phenotypes observed and the absence of detectable 381
AaAP1 expression in the shoot apex after eight weeks of vernalization highlight that, in A. alpina, 382 floral commitment has to be achieved in the cold. In A. thaliana, the MADS-box transcription factors 383 SOC1 and FUL act redundantly to regulate the maintenance of the inflorescence meristem (Melzer et 384 al., 2008) . Our results show that AaFUL levels in the shoot apex at the end of vernalization correlate 385 with flowering initiation. In contrast, AaSOC1 expression increases irrespective of whether the shoot 386 meristem initiates flowering or remains vegetative during vernalization (Fig. 7) . Acceleration of 387 flowering after extended vernalization also correlates with the repression of AaTFL1 in adult plants 388 that will flower after the cold treatment. These results suggest that the mechanisms regulating 389 commitment to flowering in A. thaliana are partially conserved in A. alpina. or 15 weeks show subtle reverting phenotypes, such as bracts in the I2 zone (Fig. 1) . In A. thaliana, 397 the floral primordium emerges as a cryptic bract, but bracts do not outgrow due to the development 398 of the associated floral meristem (Chandler, 2012) . Thus, bracts in A. thaliana only appear in mutants 399 with compromised floral meristem identity (Mandel et al., 1992; Weigel et al., 1992; Chandler, 2012; 400 Müller-Xing et al., 2014) . In A. alpina, the number of bracts in the I2 zone was reduced after longer 401 vernalization periods, following an opposite pattern to the expression of floral identity genes in the 402 www.plantphysiol.org on May 16, 2018 -Published by Downloaded from Copyright © 2018 American Society of Plant Biologists. All rights reserved.
inflorescence meristem during cold treatment. These results indicate that extended vernalization in 403
A. alpina ensures floral development during cold treatment, and favors the development of the floral 404 meristem over its subtending bract after the return to warm temperatures. In addition, longer 405 vernalization leads to a higher percentage of flowering I1 inflorescence branches (Fig. 1) . In plants 406
vernalized for 12 weeks the higher branches in the inflorescence commit to reproductive 407 development, whereas the lower inflorescence branches remain vegetative. Differences in floral 408 identity within the same inflorescence also correlate with higher expression of AaAP1 and AaFUL in 409 flowering I1 branches compared to vegetative I1 branches (Supplemental Fig. S6 ). This spatial pattern 410 of commitment to flowering within the inflorescence can also give insights into the sequence of 411 developmental events in the inflorescence meristem. Similarly to A. thaliana, inflorescence branches 412 in A. alpina commit basipetally to floral identity ( Fig. 2 ; Hempel and Feldman, 1994) . The length of 413 inflorescence branches also shows a basipetal pattern, with higher branches being longer than lower 414 branches. These results suggest that flowering in A. alpina is a continuous process, and after 415 flowering induction, prolonged periods of cold temperatures are required for the development of the 416 floral meristem. Longer vernalization leads to the formation of more flower buds during cold 417 treatment and higher expression of floral organ identity markers such as AaAP1 (Fig. 7) . Thus, 418 preformation of flower buds during cold treatment facilitates the acceleration of flowering after the 419 return to warm temperatures. A similar requirement for saturating floral-promoting inputs before 420 the return to warm temperatures has been reported in the cold-induced perennials Boronia 421 megastigma and Hypocalymma angustifolium (Day et al., 1994) . inflorescence . In addition, the A. thaliana accession Sy-0 has been reported to 432 produce aerial rosettes, which are partially caused by high FLC expression and are abolished with 433 vernalization (Grbic and Bleecker, 1996; Poduska et al., 2003; Wang et al., 2007) . In A. alpina, we 434
show that the upregulation of PEP1 in the inflorescence after vernalization might counteract the 435 commitment to flowering. Besides, AaFT1 mRNA levels in flowering apices gradually increase after 436 vernalization (Fig. 7; Müller-Xing et al., 2014) . FT is a direct target of FLC and antagonizes floral 437 reversion in A. thaliana (Helliwell et al., 2006; Searle et al., 2006; Liu et al., 2014; Müller-Xing et al., 438 2014) . In A. alpina, PEP1 binds directly to AaFT1 chromatin (Mateos et al., 2017) , in accordance with 439 our results demonstrating that AaFT1 follows the opposite expression pattern to PEP1 in the shoot 440 apex after vernalization (Fig. 7) . In plants that initiate flowering during cold treatment, extended 441 vernalization stably silences PEP1, and AaFT1 is upregulated. However, in young seedlings that do 442 not initiate flowering during cold treatment, extended vernalization fails to silence PEP1 and AaFT1 443 expression is low. These results lead us to speculate that PEP1 might antagonize inflorescence fate by 444 repressing AaFT1 after vernalization. 445
Feedback mechanisms that prevent PEP1 reactivation in meristems that achieved floral identity at 446 the end of vernalization might also exist. FLC and PEP1 shares targets with AP1 and another MADS-447 box protein, SEPALLATA 3 (SEP3), which also promotes floral organ identity (Kaufmann et al., 2009; 448 Kaufmann et al., 2010; Deng et al., 2011; Mateos et al., 2017) . Our results also contribute to the 449 understanding of how flower initiation and maintenance is achieved in perennials, as the expression 450
of FLC-and FT-like genes has been associated with bud break in aspen, apple, and pear trees 451 (Böhlenius et al., 2006; Ito et al., 2016; Kumar et al., 2017) in individual pots. Two pools were harvested simultaneously, a pool of apices in Node 1 of the 506
Inflorescence and a pool of apices in Node 7. 507
Total plant RNA was extracted using the RNeasy Plant Mini Kit (Qiagen), and a DNase treatment was 508 performed with Ambion DNAfree-kit DNase treatment and removal (Invitrogen) to reduce any DNA 509 contamination. Total RNA (1.5 µg) was used to synthesize cDNA through reverse transcription with 510 SuperScript II Reverse Transcriptase (Invitrogen) and oligo dT (18) as a primer. Two microliters of a 511 cDNA dilution (1:5) was used as the template for each quantitative PCR. The RT-qPCR was performed 512 using a CFX96 Real-Time System (Bio-Rad) and the iQ SYBR Green Supermix detection system. Each 513 data point was derived from two independent replicates in three-week-old plants or three 514 independent replicates in six-week-old plants and is shown as mean ± s.d.m. AaRAN3 and AaPP2A 515 were used for expression data normalization. 516
Primers used for RT-qPCR for PEP1, AaSOC1, AaLFY, AaTFL1, AaRAN3, and AaPP2A were described 517 previously (Wang et al., 2009; Wang et al., 2011; Bergonzi et al., 2013 (Wang, 2007) . 522
523
Statistical analysis 524
Statistical analyses were performed using the R software. Data distribution for time to flower 525 emergence, number of inflorescence branches, total number of siliques and number of siliques in I1 526 and I2 were checked with a Shapiro-Wilk test of normality. The Kruskal-Wallis test was employed as 527 an omnibus test to detect significant differences as data were not normally distributed. This was 528 followed by a posthoc test for pairwise multiple comparisons using the Mann-Whitney U test. The 529 Type I error rate (α) was set at 0.05, and the Bonferroni p-value adjustments method was used. For 530 the pep1-1 physiological analysis, we conducted multiple pairwise Bonferroni tests (α = 0.05) to 531 detect significant differences between Pajares and pep1-1. Here, a nonparametric test could not be 532 conducted due to ties created during rank assignment. 533
To detect significant differences in gene expression we controlled for a false discovery rate of 0.05 534 when conducting multiple pairwise comparisons by using Benjamini-Hochberg-corrected p-values or 535
Hochberg-GT2. 536
Treatments with significant differences are represented with letters or asterisks. The data are the means of two or three biological replicates, and error bars represent the 598 s.d.m. Letters above the columns indicate significant differences determined by multiple pairwise 599 comparisons using Benjamini-Hochberg-corrected p-values (α-value of 0.05). Graphs with no letters 600 indicate no significant differences. 601 8, 12, 15, 18, 21 or 24 weeks of vernalization (8w, 12w, 15w, 18w, 21w or 24w) and subsequently grown for three weeks in an LD greenhouse. Bar = 10 cm. (E ) Percentages of flowering and vegetative inflorescence branches in the I1 zone after 8, 12, 15, 18, 21 and 24 weeks of vernalization followed by eight weeks in a LD greenhouse. Close-up pictures of flowering (top) and vegetative (bottom) I1 inflorescence branches. Bar = 0,5 cm. (F) Number of bracts in the I2 zone of plants exposed to 8, 12, 15, 18, 21 , and 24 weeks of vernalization followed by 14 weeks in a LD greenhouse. Close-up picture of the bracts in the inflorescence of plants exposed to 12 weeks of vernalization followed by 14 weeks in a LD greenhouse. Bar = 3 cm. Arrows indicate two bracts as an example. The error bars represent the s.d.m; n = 9-12. Letters indicate significant differences determined by omnibus Kruskal-Wallis test followed by pairwise multiple comparison using Mann-Whitney U test (α-value of 0.05). No letters indicate no significant differences. (1, 3, 5, 8, 12 , and 18 weeks) and after 18 weeks of vernalization. After vernalization, main shoot apices were harvested one, two, three and four weeks after the plants were transferred back to a LD greenhouse. PEP1 expression was also measured in the apices of axillary V3 branches after vernalization. (B) PEP1 expression at the end of vernalization in the apices of plants vernalized for 8, 18, and 24 weeks (0 indicates expression at the end of vernalization) and after vernalization (one, three and five weeks in a LD greenhouse). (C) PEP1 expression in the apices of axillary V3 branches vernalized for 8, 18, or 24 weeks and transferred back to a LD greenhouse for five weeks. (D) PEP1 expression in the main shoot apex of three-week-old seedlings at the end of 8, 18, or 24 weeks of vernalization (0 indicates expression at the end of vernalization) and after five weeks in a LD greenhouse. Letters above the columns indicate significant differences determined by multiple pairwise comparisons using Benjamini-Hochberg-corrected p-values (α-value of 0.05) for A and D and Hochberg-GT2 for B. Graphs with no letters indicate no significant differences. All data are the means of two or three biological replicates, and error bars represent the s.d.m. Flowering is initiated during vernalization in the apical meristem of the main shoot and in the V1 axillary branches (orange circle). V3 vegetative branches arise from buds below the inflorescence initiated during cold treatment (green circle). The expression of PEP1 and AaTFL1 is downregulated in the main shoot apical meristem, whereas the expression of AaSOC1, AaFUL, AaLFY, and AaAP1 is upregulated (triangles). After the return to LD greenhouse conditions, the I1 and I2 zones of the inflorescence develop and the V1 branches flower. PEP1 remains stably silenced in the shoot apex, and AaFT1 expression is upregulated (triangle). The length of vernalization influences the expression levels of meristem identity genes during vernalization and of PEP1 and AaFT1 after vernalization. In contrast, the V3 branches show high PEP1 and AaTFL1 expression levels irrespective of the duration of vernalization .
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